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(57) ABSTRACT

A nonvolatile memory device includes an encoder configured
to perform a scramble operation on 1nput data, a digital sum
value (DSV) generator configured to generate a DSV indicat-
ing a difference between a number of data ‘0” and a number of
data ‘1’ in the input data encoded by the encoder, a main cell
unit of a page of a memory cell array, wherein the main cell
unit 1s configured to store the mput data encoded by the
encoder, a spare cell unit of the page, wherein the spare cell
unit 1s configured to store the DSV generated by the DSV
generator, and a read voltage setting unit configured to deter-
mine a read voltage for the page by comparing a DSV gen-
crated from the stored data of the main cell unit and the stored
DSV of the spare cell unit.

15 Claims, 5 Drawing Sheets
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NONVOLATILE MEMORY DEVICE AND
METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Priority to Korean patent application number 10-2009-
0005067 filed on Jan. 21, 2009, the entire disclosure of which
1s 1ncorporated by reference herein, 1s claimed.

BACKGROUND

One or more embodiments relate to a nonvolatile memory
device and a method of operating the same.

In recent years, there has been an 1ncreasing demand for
nonvolatile memory devices which can be electrically pro-
grammed and erased and which do not require rewriting data
at specific refresh intervals.

A typical nonvolatile memory cell of the nonvolatile
memory device 1s configured to enable electrical program/
erase operations and to perform the program and erase opera-
tions by varying a threshold voltage when electrons are
moved by a strong electric field applied to a thin oxide layer.

A typical nonvolatile memory device includes a memory
cell array in which cells for storing data are arranged 1n a
matrix form and a page buifer for writing data into specific
cells of the memory cell array or reading data stored 1n a
specific cell. The page builer may include a bit line pair
coupled to a specific memory cell, a register configured to
temporarily store data to be written into the memory cell array
or to read data stored 1n a specific memory cell of the memory
cell array and temporarily store the read data, a sense node
configured to sense the voltage level of a specific bit line or a
specific register, and a bit line selection unit configured to
control whether or not to couple the specific bit line with the
sensing node.

The threshold voltages of programmed cells can be
changed due to the retention characteristic, disturbance, etc.
of a nonvolatile memory device. The nonvolatile memory cell
may have a low threshold voltage because electrons stored in
the floating gate of the cell are discharged unintentionally due
to the leakage current, etc. with a time lapse. A characteristic
as to retention of programmed data during a time lapse 1s
referred to as “the retention characteristic.” If the retention
characteristic 1s poor, there 1s a concern in that programmed
data may be read differently from the actual programmed
data. In particular, when cells have several distributions of the
threshold voltages as in a multi-level cell (MLC) program
method, such a concern regarding the retention characteristic
may become more noticeable because the read margin
between the cells 1s relatively small. Furthermore, threshold
voltage distributions of the cells can be changed by distur-
bance 1n the threshold voltage according to the program,
erase, and read operations of neighboring cells.

Accordingly, when a read operation 1s performed on
memory cells, it 1s desirable to change read voltages in
response to a determination of how much threshold voltage
distributions have been changed.

BRIEF SUMMARY

Exemplary embodiments relate to a nonvolatile memory
device which 1s capable of variably setting a read voltage by
checking a degree in which a threshold voltage distribution 1s
changed. Furthermore, exemplary embodiments relate to
read and program methods using the nonvolatile memory
device.
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A nonvolatile memory device according to an aspect of this
disclosure comprises an encoder configured to perform a
scramble operation on mput data, a digital sum value (DSV)
generator configured to generate a DSV 1ndicating a differ-
ence between a number of data ‘0’ and a number of data 1’ 1n
the input data encoded by the encoder, a main cell unit of a
page of a memory cell array, wherein the main cell unit 1s
configured to store the mput data encoded by the encoder, a
spare cell unit of the page, wherein the spare cell unit 1s
configured to store the DSV generated by the DSV generator,
and a read voltage setting unit configured to determine a read
voltage for the page by comparing a DSV generated from the
stored data of the main cell unit of the and the stored DSV of
the spare cell unit.

A program method using the nonvolatile memory device
according to another aspect of this disclosure comprises
encoding external input data such that a difference between
the number of data ‘0’ and the number of data *1” 1n the input
data 1s minimized, generating a DSV indicating the difference
between the number of data 0’ and the number of data 1’ in
the encoded 1input data, and storing the encoded data in a main
cell unitof apage of amemory cell and the DSV in aspare cell
unit of the page.

A read method using the nonvolatile memory device
according to another aspect of this disclosure comprises, 1n a
page ol a memory cell array, using a main cell unit to store
data encoded to minimize a difference between the number of
data ‘0’ and the number of data °1” and using a spare cell unit
to store a digital sum value (DSV) indicating the difference
between the number of data 0’ and the number of data 1’ in
the encoded data, performing a read operation on the page
using a first reference voltage, generating a DSV from the
stored data of the main cell unit, setting a read voltage by
comparing the stored DSV of the spare cell unit and the DSV
generated from the stored data of the main cell unit, and
performing another read operation on the page using the set
read voltage when the set read voltage 1s different from the
first reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing an overall construction of a
nonvolatile memory device to which this disclosure 1s
applied;

FIG. 2 1s a diagram showing the construction of a memory
cell array of the nonvolatile memory device according to an
embodiment of this disclosure;

FIG. 3 1s a diagram 1illustrating a method of setting a read
voltage of the nonvolatile memory device according to an
embodiment of this disclosure;

FIG. 4 1s a flowchart diagram 1illustrating a program
method of the nonvolatile memory device according to an
embodiment of this disclosure; and

FIG. 5 1s a flowchart diagram 1llustrating a read method of
the nonvolatile memory device according to an embodiment
of this disclosure.

DESCRIPTION OF EMBODIMENTS

Hereiaftter, exemplary embodiments of the present disclo-
sure will be described 1n detail with reference to the accom-
panying drawings. The figures are provided to allow those
having ordinary skill in the art to make and use the embodi-
ments of the disclosure.

FIG. 1 1s a diagram showing an overall construction of a
nonvolatile memory device to which this disclosure 1s
applied.
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The nonvolatile memory device 100 includes a memory
cell array 102, a page buffer unit 108, X and Y decoders 104
and 106, a high voltage generator 110, a command interface
logic unit 112, a command register 114, an address register/
counter 116, a data register 118, an 10 buifer 120, and a read
voltage controller 130. The operations of the nonvolatile
memory device are described below.

First, when an activated chip enable signal CE is applied to
the command interface logic unit 112 and a write enable
signal WE i1s toggled, the command interface logic unit 112
receives a command signal via the 10 butfer 120 (the com-
mand register 114 also recerves the command signal via the
10 buiter 120) and generates a program command, an erase
command, or a read command 1n response to the command
signal. Here, the command signal includes a page program
setup code for determining an operation mode of the nonvola-
tile memory device. Meanwhile, the operation state signal R/
B outputted from the command interface logic unit 112 is
disabled for a certain period of time. An external memory
controller (not shown) receives the operation state signal R/B
and determines that the nonvolatile memory device 1s 1n an
operation state, such as a program, erase, or read operation
based on the operation state signal R/B. For example, while
the operation state signal R/B is disabled, program, erase, and
read operations for one page of the memory cell array are
executed.

The address register/counter 116 1s configured to receive
an address signal through the 10 butier 120 and generates a
row address signal and a column address signal. The address
signal corresponds to one of the pages included 1n one of
memory cells. The data register 118 15 configured to tempo-
rarily store various data recerved via the 10 buifer 120 and to
transier them to the Y decoder 106.

The high voltage generator 110 1s configured to generate
bias voltages 1n response to the program command, the erase
command, or the read command and to supply the bias volt-
ages to the page buffer unit 108, the X decoder 104, etc.

The X decoder 104 1s configured to supply one of the
blocks of the memory cell array 102 with the bias voltages,
supplied from the high voltage generator 110, 1n response to
the row address signal. The Y decoder 106 1s configured to
supply the data signal to bit lines (not shown) shared by the
blocks of the memory cell array through the page buffer unit
108 1n response to the column address signal.

The page buifer unit 108 includes a plurality of page bu
ers configured to latch a data signal recerved through the IO
buifer 120 and then through the Y decoder 106 and to output
the latched data signal to the bit lines (not shown) shared by
the blocks of the memory cell array 102. Furthermore, each of
the page builers 1s configured to store data read from the

memory cell array according to a read operation and to output
the read data externally through the Y decoder 106 and then
through the 10 butter 120.

The read voltage controller 130 1s configured to perform an
operation for varying a read voltage according to the state of
a memory cell. To this end, the read voltage controller 130
includes an encoder 132, a digital sum value (DSV) generator
134, and a read voltage setting unit 138. The encoder 132 1s
configured to reduce a difference in the number of data ‘0’ and
data ‘1’ 1n the encoded data by performing a scramble opera-
tion on mput data recerved from the 10 buifer 120. The DSV
generator 134 1s configured to generate a DSV, indicative of a
difference in the number of data ‘0’ and °1°, from the 1mnput
data scrambled by the encoder 132 and to transier the gener-
ated DSV to the page builer unit 108. The read voltage setting
unit 138 1s configured to calculate a DSV 1n output data

received from the page buil

it

er unit 108 after a read operation
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1s performed and to determine a read voltage for a corre-
sponding memory cell by comparing the calculated DSV and
a DSV outputted from the page builer unit.

The encoder 132 1s configured to minimize a difference in
the number of data ‘0’ and ‘1’ by scrambling the mnput data
recerved from the IO butter 120. Here, the data ‘0’ means that
a corresponding cell 1s a target program cell, and the data “1°
means that a corresponding cell 1s a target erase cell. The
encoder 132 performs an encoding operation by performing
an XOR operation on the mnput data. In this case, the encoded
input data are stored in a main cell of the memory cell array.

The DSV generator 134 1s configured to generate a differ-
ence 1n the number of data ‘0’ and 1’ (1.e., a DSV) 1n the
encoded input data. The generated DSV 1s stored 1n a spare
cell of the memory cell array. The DSV generator 134 pret-
erably 1s configured to generate information about which one
of the number of data ‘0’ and the number of data *1” 1s larger
and to subtract a smaller of the two from the other. The DSV
generator 134 1s further configured to generate a DSV 1n
output data that are received from the main cell via the page
buifer unit 108 and the Y decoder 106. Accordingly, the DSV
generator 134 can compare the DSV stored in the spare cell
and the DSV directly generated from the output data.

The construction of the main cell and the spare cell 1s
described 1n detail below with reference to FIG. 2.

FIG. 2 1s a diagram showing the construction of a memory

cell array of the nonvolatile memory device according to an
embodiment of this disclosure.
The memory cell array 200 1s a page (1.., the unit of a
program operation), and i1t includes a main cell unit 210 and a
spare cell unit 220. The main cell unit 210 1s configured to
store mput data recerved through the 10 butler 120. In par-
ticular, 1n this disclosure, the main cell umt 210 1s configured
to store mput data encoded by the encoder 132.

Furthermore, the spare cell unit 220 1s configured to store a
DSV of the encoded 1mput data stored 1n the main cell unit
210. That 1s, the spare cell unit 220 stores a DSV generated by
the DSV generator 134 from the encoded input data. Here, the

spare cell unit 220 includes a plurality of first, second, . . . , n”*

DSV depositories (222,224, . .. ,n” 226) for storing the DSV
Each of the DSV depositories 1ncludes a flag bit (1 bat),
indicating which one of the data ‘O’ and °1’ 1s included 1n the
encoded data more frequently, as well as bits (k-1 bits) for
storing a difference in the number of data ‘0’ and the number
of data ‘1°. For example, when the number of data ‘1’ 1s larger
than the number of data ‘0’ by three, the flag bit 1s set to 17,
which indicates that the number of data °1’ 1s larger than the
number of data ‘0’ as additional information with the indica-
tion that the difference 1in the numbers equal to three. Further,
when the number of data ‘0’ 1s larger than the number of data
‘1’ by four, the flag bit 1s set to *0’, which indicates that the
number of data ‘0 1s larger than the number of data ‘1’ as
additional information with the indication that the difference
in the numbers 1s equal to four.

The DSV depositories 1n the memory cell array 200 are
configured to store the same DSV received from the DSV
generator 134. That is, the first to n”” DSV depositories 222,
224 to 226 store the same DSV. Thus, the reliability of read
results can be increased. In the case where the DSV stored in
the respective DSV depositories are read, the same value 1s to
be outputted 1deally. However, since the spare cell 1s a non-
volatile cell having the same characteristic as that of the main
cell, the DSVs outputted from the respective DSV deposito-
ries may also differ from the originally stored value when
read. Accordingly, a value of the DSV that occurs most fre-
quently from among the DSVs read from the DSV deposito-
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ries 1s determined as a DSV {or data stored in the main cell
unit 210 of a corresponding page.

Referring back to FIG. 1, a decoder 136 1s configured to
decode read data recerved from the main cell unit 210 via the
page buffer unit 108 and to transier the decoded data to the 10
buffer 120. Here, the read data corresponds to data which
have been encoded by the encoder 132, programmed 1nto the
memory cell, and then read by a read operation. Accordingly,
a descramble operation for returning the read data to the state
betore the scramble operation performed by the encoder 132
1s performed.

While the read data 1s desired to be the same as the encoded
input data before the encoding, they often end up being dii-
terent from the original stored data due to the retention char-
acteristic of a memory cell.

The read voltage setting unit 138 reads the data stored in
the main cell umit 210, directly generates a DSV (for example,
which 1s generated and used internally within the read voltage
setting unit 138) 1n the read data received via the page buller
unit 108, compares the generated DSV and the DSV read
from the spare cell 220, and sets a read voltage based on the
difference.

The threshold voltages of programmed cells may vary due
to the retention characteristic, disturbance, etc. of a nonvola-
tile memory device. The nonvolatile memory cell may have a
low threshold voltage when electrons stored in the floating
gate of the cell are discharged externally due to the leakage
current, etc. with a time lapse. When cells have several dis-
tributions of the threshold voltages as in a multi-level cell
(MLC) program method, deterioration of the reading opera-
tion according to the retention characteristic may become
more noticeable since the read margin between different
states of the cells 1s relatively small.

FIG. 3 1s a diagram 1illustrating a method of setting a read
voltage of the nonvolatile memory device according to an
embodiment of this disclosure.

In reference to FIG. 1, the read voltage setting umt 138
directly generates a DSV from read data received from the
main cell unit 210 via the page butfer unit 108. Sucha DSV 1s
referred to as “the DSV of the read data.” Furthermore, the
read voltage setting unit 138 receives a DSV from the spare
cell unit 220 via the page buffer unit 108. Such a DSV 1s
referred to as “the DSV of the spare cell unit,” Ideally, the
DSV of the read data and the DSV of the spare cell unit 1s
identical with each other. However, they may differ due a
change in the retention characteristic, disturbance, and so on.

For example, the DSV of the spare cell unit may indicate
that the number of data ‘0’ 1s larger than the number of data ‘1°
by five after reading of the DSV depositories.

According to another example, the DSV of the read data
may indicate that the number of data ‘0 1s larger than the
number of data ‘1° by two. Here, the read data ‘0’ indicates
that a corresponding cell has been programmed with a thresh-
old voltage larger than a reference voltage. In such a case,
while the number of data ‘0’ may have been larger than the
number of data °1” by five when a program was first per-
formed, the number of data ‘0’ has decreased with a time
lapse. That 1s, the threshold voltages of memory cells stored
in a main cell decrease due to a change in the retention
characteristic. Accordingly, to compensate for such a
decrease, a first read voltage (Vrdl) 1s decreased correspond-
ingly, and a second read voltage (Vrd2) is set as a new read
voltage.

According to another example, when the DSV of the read
data 1ndicates that the number of data ‘0’ 1s larger than the
number of data ‘1° by seven, 1t indicates that the threshold
voltages of the memory cells stored 1n the main cell have been
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increased due to disturbance of a program operation. Accord-
ingly, to compensate for such an increase, a first read voltage
(Vrdl1) 1s increased correspondingly, and a third read voltage
(Vrd3) 1s set as a new read voltage.

According to another example, when the DSV of the spare
cell unit indicates that the number of data “1” 1s larger than the
number of data ‘0" by two.

According to another example, the DSV of the read data
may indicate that the number of data °1” 1s larger than the
number of data ‘0’ by five. Here, the read data 1’ indicates
that a corresponding cell has been erased. Although the num-
ber of data °1° was larger than the number of data ‘0’ by two
when a program was {irst performed, the number of data ‘1’
has increased with a time lapse. Such an increase indicates
that the threshold voltages of memory cells stored 1n a main
cell have decreased due to a change in the retention charac-
teristic. To compensate for such a decrease in the threshold
voltages of memory cells, a first read voltage (Vrdl) 1s
deceased 1n accordance, and a second read voltage (Vrd2) 1s
set as a new read voltage.

According to another example, when the DSV of the read
data indicates that the number of data ‘0’ 1s larger than the
number of data ‘O’ by one, such a read data indicates that the
threshold voltages of memory cells stored in the main cell
have been increased due to a disturbance of a program opera-
tion. Accordingly, to compensate for such an increase, a first
read voltage (Vrdl) 1s increased correspondingly, and a third
read voltage (Vrd3) 1s set as a new read voltage.

However, if there 1s no significant difference between the
DSV of the read data and the DSV of the spare cell unit, an
existing read voltage 1s not changed.

The table of FIG. 3 shows the amounts of change 1n read
voltages according to a difference between DSVs. While the
values 1n the table were statistically obtained through repeti-
tive experiments, they may 1n practice vary according to the
characteristic of each memory cell. The table may be pre-
loaded 1n the read voltage setting unit 138.

Hereinaftter, program and read methods using the nonvola-
tile memory device are described.

FIG. 4 1s a flowchart diagram 1illustrating a program
method of the nonvolatile memory device according to an
embodiment of this disclosure.

First, mnput data inputted through the IO bufier 120 1s
encoded at step 410. This step 1s performed 1n order to mini-
mize a difference 1n the number of data ‘0’ and “1” included in
the input data. As described above, the number of data *‘0” and
the number of data ‘1° becomes the same by performing a
scramble operation.

Next, a DSV 1ndicative of a difference in the number of
data ‘0’ and the number of data ‘1’ of the encoded data 1s
generated at step 420. The DSV includes tlag data indicating
which one of the number of data ‘0’ and the number of data ‘1°
1s larger.

Next, the encoded data are stored 1n the main cell unit 210
of an n” page and the DSV is stored in the spare cell unit 220
of the n” page through a program operation at step 430. A
DSV having the same value preferably 1s stored 1n several
cells of the spare cell unit 220. In this case, as 1n the main cell,
a program operation using a conventional program method
can be performed because a page butler which 1s of the same
type as that of the page bulifer for the main cell 1s coupled with
the spare cell.

As described above, the encoding operation 1s performed
on the mput data 1n order to make the number of data ‘0" and
the number of data ‘1’ to be the same, and a corresponding
DSV 1s stored in the spare cell unit of each page.
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FIG. 5 1s a flowchart diagram 1illustrating a read method of
the nonvolatile memory device according to an embodiment
of this disclosure.

First, a read operation 1s performed on the main cell unit
and the spare cell unit of an n” page in which encoded data
and a DSV are stored at step 5310 according to the program
method of FIG. 4.

Since a page buitler 1s coupled with a spare cell in the same
manner a page bugger 1s coupled with a main cell, data stored
in the main cell unit and the spare cell unit can be read through
a single read operation.

Meanwhile, a DSV of the n” page is determined by reading
the data stored in the spare cell unit. In the case where a
plurality of DSVs 1s stored 1n the spare cell unit, a DSV that
occurs most frequently among the read DSV 1s determined
as a DSV of the corresponding page. This 1s because,
although the read DSVs may have the same value ideally, they
may differ according to different cell characteristics. For
example, assuming that a total of 10 DSV depositories are
included in the spare cell unit and 7 of the 10 depositories
have the same DSV, the most frequent DSV value which 1s
stored 1n the seven depositories 1s determined as a DSV of an
n” page.

Next, a DSV 1s generated from the read data of the main
cell unit at step 520.

The data stored 1n the main cell unit are read, the number of
data ‘0’ and the number of data ‘1’ in the read data are
counted, and a difference between the number of the counted
data ‘0’ and the number of the counted data °1’ 1s generated
using the DSV generator 134. Information about which one of
the number of data ‘0’ and the number of data ‘1’ 1s larger 1s
generated by subtracting the smaller number from the large
number.

Next, the DSV of the spare cell unit and the DSV generated
from the read data of the main cell unit are compared with
cach other, and a read voltage 1s set based on the comparison
result at step 530.

If, as a result of the comparison at step 330, there 1s no
difference between the two DSVs or the difference between
the two DSV falls within a predetermined range, the initial
read voltage 1s kept.

Here, if the threshold voltages of all the cells are deter-
mined to have been decreased in view of the difference
between the two DSVs, a smaller read voltage 1s set. In the
case where the number of data ‘1’ 1s determined to have
increased (that 1s, the number of data ‘0’ 1s determined to have
decreased) as a result of the comparison, the threshold volt-
ages ol the cells are determined to have been lowered. Here,
the read data ‘0’ indicates that a corresponding cell has been
programmed with a threshold voltage higher than a reference
voltage, and the read data ‘1’ indicates that a corresponding,
cell 1s 1n an erase state.

Meanwhile, 1f the threshold voltages of all the cells are
determined to have been increased 1n view of the difference
between the two DSVs, an increased read voltage 1s set. In the
case where the number of data ‘1’ has decreased (or that the
number of data ‘0’) has increased as a result of the compari-
son, the threshold voltages of the cells are determined to have
risen.

On the other hand, an optimal value can be set through
repetitive experiments because the amount of change 1n the
read voltage according to a difference between DSVs can be
changed according to the characteristic of a memory cell.

It 1s then determined whether the read voltage has been
changed to a new read voltage at step 340.

If, as a result of the determination at step 340, the read
voltage 1s determined to have changed to a new read voltage,
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the read operation is performed on the n” page again using the
new read voltage at step 550. However, 11, as a result of the
determination at step 540, a determination 1s made that the
read voltage has not changed to a new read voltage, the
repeated read operation 1s not performed.

Next, the read data are then decoded at step 560.

The read data are the data that have been encoded at step
410 of FIG. 4. Here, the encoded data are decoded and out-
putted through the 10 buffer 120. That1s, a descramble opera-
tion 1s performed on the encoded data to restore the state of
the encoded data before performing the scramble operation at
step 410.

As described above, to compensate for a change in the read
voltage due to the retention characteristic or disturbance, the
read voltage 1s changed and a read operation 1s performed.

A read voltage can be changed according to a change in the
read voltage of each memory cell. In particular, the read
margin between different states of the cells 1s relatively nar-
row due to threshold distributions according to an MLC pro-
gram method. Accordingly, a proper read margin can be
secured by varying a read voltage according to exemplary
embodiments as described above.

What 1s claimed 1s:

1. A nonvolatile memory device, comprising:

an encoder configured to perform a scramble operation on
input data;

a digital sum value (DSV) generator configured to generate
a DSV 1ndicating a difference between a number of data
‘0’ and a number of data ‘1’ 1n the input data encoded by
the encoder;

a main cell unit of a page of a memory cell array, wherein
the main cell umt 1s configured to store the mput data
encoded by the encoder;

a spare cell unit of the page, wherein the spare cell unit 1s
configured to store the DSV generated by the DSV gen-
erator; and

a read voltage setting unit configured to determine a read
voltage for the page by comparing a DSV generated
from the stored data of the main cell unit and the stored
DSV of the spare cell unit.

2. The nonvolatile memory device of claim 1, wherein:

the data ‘0’ indicates that a corresponding cell 1s a cell to be
programmed, and

the data °1” indicates that a corresponding cell 1s a cell to be
crased.

3. The nonvolatile memory device of claim 1, wherein the
DSV generator 1s configured to generate the DSV which
includes information about which one of the number of data
‘0’ and the number of data ‘1’ 1n the mput data 1s larger and
information as to the difference between the number of data
‘0’ and the number of data “1°.

4. The nonvolatile memory device of claim 1, wherein the
read voltage setting unit 1s further configured to increase the
read voltage when the number of data ‘0’ has increased or the
number of data °1” has decreased i the DSV generated from
the stored data of the main cell as a result of the comparison.

5. The nonvolatile memory device of claim 1, wherein the
read voltage setting unit 1s further configured to decrease the
read voltage when the number of data “0” has decreased or the
number of data ‘1’ has increased in the DSV generated from
the stored data of the main cell as a result of the comparison.

6. The nonvolatile memory device of claim 1, wherein the
spare cell unit comprises a plurality of DSV depositories
configured to store a same DSV input.

7. A program method using a nonvolatile memory device,
comprising;
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encoding external input data such that a difference between
a number of data ‘0’ and a number of data *1” 1n the 1nput
data 1s mimimized;

generating a DSV indicating the difference between the

number of data ‘0’ and the number of data ‘1’ 1n the
encoded mput data; and

storing the encoded data 1n a main cell unit of a page of a

memory cell array and the DSV 1n a spare cell unit of the
page.

8. The program method of claim 7, wherein generating the
DSV indicating the difference between the number of data 0’
and the number of data °1°, 1n the encoded input data includes
generating information about which one of the number of
data ‘0’ and the number of data 1’ 1n the encoded mnput data
1s larger and information about the difference between the
number of data ‘0’ and the number of data ‘1’ in the encoded

input data.
9. A read method using a nonvolatile memory device, com-

prising:

in a page of a memory cell array, using a main cell unit to
store data encoded to minimize a difference between a
number of data ‘0’ and a number of data ‘1’ 1n the
encoded data and using a spare cell unit to store a digital
sum value (DSV) indicating the difference between the
number of data ‘0’ and the number of data °1° 1n the
encoded data;

performing a read operation on the page using a {irst ref-
erence voltage;

generating a DSV from the stored data of the main cell unat;

setting a read voltage by comparing the stored DSV of the
spare cell unit and the DSV generated from the stored
data of the main cell unit; and

performing another read operation on the page using the set
read voltage when the set read voltage 1s different from
the first reference voltage.
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10. The read method of claim 9, wherein generating the
DSV from the stored data of the main cell unit includes
generating mnformation about which one of the number of
data ‘0’ and the number of data ‘1’ 1n the stored data of the
main cell unit 1s larger and information about the difference
between the number of data ‘0’ and the number of data 1’ in
the stored data of the main cell unait.

11. The read method of claim 9, wherein setting the read
voltage includes increasing the read voltage when the number
of data ‘0’ has increased or the number of data ‘1’ has
decreased 1n the stored DSV of the main cell unit as a result of
the comparison.

12. The read method of claim 9, wherein setting the read
voltage includes decreasing the read voltage when the num-
ber of data ‘0’ has decreased or the number of data °1” has
increased 1n the stored data of the main cell unit as a result of
the comparison.

13. The read method of claim 9, wherein setting the read
voltage includes leaving the reference voltage unchanged
when the DSV are the same or fall within a predetermined
range from each other.

14. The read method of claim 9, further comprising:

decoding the stored data of the main cell unit as read

through the read operation performed using the first
reference voltage when the read voltage 1s left the same
as the first reference voltage 1n the setting of the read
voltage.

15. The read method of claim 9, further comprising:

decoding the read data of the main cell unit read using the

set read voltage when the set read voltage 1s different
from the first read voltage.
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